I T has been shown by Wedd and Russ (1912 3) that when the cells of mouse carcinoma (Twort strain) are irradiated in vitro by the &rays from a source of radium bromide of intensity 2.2 mgrms. per square cm., for periods of an hour and upwards, the tumour material does not grow when inoculated into normal mice. The question whether such irradiated but non-tumour forming material gives rise to any immunity was put to us by Dr. Murray, and the first part of the present paper provides an answer in the affirmative. The remainder of the paper is devoted to the possibility of some clinical application of this immunising action.
IMMUNITY PRODUCED BY IRRADIATED CELLS.
The technique adopted was as follows: Thin layers of tumour tissue were exposed to the radium for a definite period of time in t h e manner already described2; 0.1 C.C. of it was then inoculated into a number of medium-sized normal mice. After fifteen days the survivors were given a test inoculation of the same strain of tumour, small pieces of which were also inoculated into a number of normal mice. The numbers of tumours subsequently developing in the two sets of mice were directly compared. This procedure was followed for six different periods of irradiation.
The results obtained are collected in Table I ., from which and from the accompanying curve (Fig. l) , it will be seen that, whereas for the short periods of irradiation a considerable degree of immunity is conferred by the tumour tissue, this diminishes to an insignificant amount as the time of exposure is prolonged.
It is relevant in this connection to recall the work of Contamin (1 9 1 0 l ) , who showed that a considerable degree of immunity was conferred on mice by inoculating them with the cells of tumour B, which had previously been exposed to X-rays. Strictly analogous to our findings is his observation that too long an exposure to the X-rays destroyed the immunity-conferring power of the cells. One experiment corresponding to an exposure of six hours is not included owing to the failure of the controls, only three out of fourteen niice surviving. I n the preceding results the immunity conferred by the irradiated tnmour has been tested fifteen days after its inoculation into the mice. The simultaneous inoculation of normal and irradiated pieces of tumour into the same mouse has been shown in the previous paper t o lead to nearly the same percentage of (' takes " as when normal tumour alone was inoculated. This is still the case when small pieces (volume about 0.005 c.c.) of normal tuniour are put into the right axilla, and as inuch as 0.1 C.C. of irradiated material into the left axilla., as may be seen from the data in Table 11 . It has already been shown1 that irradiated cells when injected persist in the animal for several days ; that they appear to proliferate to some extent, more numerous cells being seen up to about the sixth day than in grafts reiiioved a t an earlier date ; but that soon aflerwards the cells diminish in number, so that at about the eighth day the graft consists of fibrous tissue with only a few scattered tumour cells recognisable. Similar series of grafts have since been examined in order to compare the effects of irradiation for more prolonged periods with those previously observed. Tumour tissue has been irradiated for one, six, twelve, and twenty-four hours, injected into mice simultaneously with non-irradiated tissue, and the grafts removed for investigation at intervals. Nothing definite has been observed with regard to the effect of the increase of dose, the variations in the different grafts examined being too great to allow of a satisfactory comparison ; but it has been found that even after an exposure of twenty-four hours, the tumoixr tissue behaves in a manner similar to that after coinparatively short exposures, such grafts and the controls removed together on the sixth day after inoculation being so similar that they can easily be confused, the tumour cells showing mitoses and being more numerous than in grafts, irradiated or control, renioved a t an earlier date. This observation is contrary to what might have been anticipated from the immunising action of such irradiated tissue. In view of the lack of LOC. cit.
immunity conferred by such tissue, after an exposure of twenty-four hours, it seemed probable that the power of these tuniour cells of persisting and undergoing proliferation would also be destroyed, for Haaland (1910 2, has shown that protection is associated with the injection of living cells.
Several observers have recorded that in spite of careful surgical removal of well-established tumours, there is a considerable liability to recurrence; this is generally attributed to minute traces of the tumour having been left behind.
Whether the frequency of such recurrence could be diminished by the inoculation of irradiated turnour cells has been tested in the following manner : A number of mice were inoculated with small pieces of normal tumour ; after about three to four weeks the growing tumours were surgically removed under ether, and on the following day the mice were inoculated subcutaneously with 0.1 C.C. of their own tumour, after it had been irradiated just sufficiently long to ensure that it; would not grow again upon inoculation. These mice were kept under observation to see whether recurrence would occur a t the site of removal of the tumour. As these experiments proceeded it was seen that the reinoculated tumour material took a considerable time to be completely absorbed, and that recurrences occurred during this time.
It was felt that if some means could be found by which the absorption of this material could be accelerated, it would be an advantage. Jntraperitoneal inoculations were attempted, but this method proved too fatal to continue with, for of twelve mice operated upon and treated in this way only two survived one month, one of which showed a recurrence at the fifth week after operation.
Eeturn was therefore made to subcutaneous inoculation of the irradiated turnour, but previous to irradiation a small quantity of physiological saline was added to it, and the emulsion was kept agitated in a mechanical shaker for thirty or forty minutes, to ensure a uniform suspension. This was inoculated into the mice in two doses of 0.05 C.C. each, generally on the first and fourth days after operation, and the mice were kept under observation as before.
For purposes of comparison it is necessary to know what is the normal frequency of recurrence of the tumour after operation ; and, in view of its probable dependence upon the technique of the operator, these controls have been done at intervals extending over the whole period during which this kind of experiment has been in progress.
From the collected results in Tables III., IV. , and V., it will be seen that without any subsequent treatment there were recurrences in 6s per cent. of the cases ; this percentage fell to 48 per cent. when the mice operated on were reinoculated with 0.1 C.C. of their own turnour after it had been irradiated, and to 24 per cent. when they were given irradiated emulsion in two separate doses of 0.05 C.C. It will be seen from the tables that of the thirty-eight treated mice which survived one month, fourteen recurred, ie., thirty-seven per cent. compared with sixty-eight per cent. in the case of untreated animals. The recurrences in the treated animals appeared at a rather later date than in the controls.
It may be questioned whether an analogous procedure to the above is justifiable in operable cases of malignant disease in human beings. Although the frequency of recurrence is reduced to about one-half, the percentage of treated animals surviving one month was 64 per cent. compared with 6 1 per cent. in the case of the controls. The mice cannot generally be said to appear well during the treatment, and it is possible that the reduced frequency of recurrence is in some measure due to this condition.
SUMMARY.
1. Mice are made immune to inoculation of carcinoma (Twort) by means of irradiated tumour cells.
2. Prolonged irradiation of the cells abolishes this immunity-conferring power, but does not prevent an initial proliferation on their part.
3. Some evidence is brought to show that the frequency of recurrence of this tumour after operation is diminished if the mice are reinoculated with irradiated turnour.
